bule of Air as £ has been above a larger as ^r wjfiich 
Globule has not rifen upward to C, and fo to Z>, but 
been thrufl downwards to A^ whence it was diftant a- 
bout two hair's breadths^ and immediately upon touchy 
lag united therewith. I have likewife obferved ^ that a 
Jitrie Air-bubble as G , loofening kfdt (mm the ftraw/ 
when a larger Bubble, as /^- was underneath it, has there 
reded immovable in the Liquor, when at the fame time 
other much fmallcr Babbles hive rifen to the top thereof. 
The reafon of the ilanding flill of the Bubble G, I fuppple 
was from a double motion it is impelled to,the one upwards 
from its being fpecificaily higher than the Liquor, the 
other downwards, by which it was protruded, tojoyn 
with the other larger Bubble iF. Tho'I have feen feveral 
EfFefts of Sympathy, if we may fp call ity yet I never,, 
favv any fomanifeft as this, of the defcending of a Bubble 
contrary to its leVity, xo unite with anothert 




IV. An Injiance ef the Excellence of the Modern 
A L G E B R A , in the Kefolution of the 
Frohlem of jinding the ¥oc\ of Optich^Glaff^s 
nniverfally. By £• Hal ley, S. K. S.^ 

■^liE Excellence of the Mo Jem Geometry is in no- 
thing mor^e^ evident, than in ihofe full and ade- 
qua|esSalucions it gives to Problems ; reprefenting all the 
poflible Cafes at one vi^w, and in one general Theorem 
mapy times ccmprehen^ing whole Sciences ,• which de- 
duced at length into Propontions, and demonfirated after 
the manner ofthe/4»f/M/^ J might well become the Sub- 
jefts of large Treatifes; For whatfoevcr Theorem fblves 
the moft compKcated Problem of the kind, does with a 
due Redu£lioa reach all the fubordinate Cafes. Of this 

1 



I rK3iwdeligjito^gi\re>a tidtable Inftance in th^^Dodrinc 

of Dioptrkks. 

This Dioptrick Problera is that of finding the Focm of 
9t^ fort bil^nh e3Cf ofed tother to Converging, fiti verg*^ 
ic^ or pa^lfel Rays pf Lfghty proceedtdg fronf, o/ 
tending to agiv^ JPokiVin the Jxisoi the £e»^, be the 
ratio ofi RefraBion wh&t it m% according to the nature 
of the Tranfpareni Mtwrial whereof the L^^j is formed, 
and alfo with allQWanco for the thickpefs of theXe^ be% 
twem thfe Vertim of the two S|)herical Segments, This 
Pjrablem being folved- in ot^^<Z{%^ tnufatis frnttandis wi!l 
exhibit Theorems for all the poflable Cafes, whether the 
L€nsh%'DoHhle'CoHV^sox Douhle-Concavey Plam-ConUeK 
or PlatiQ Concave f or Convexo Concave, v^'Kich (ott are 
ufually called Menifci But this is onJy to be unde^ftcod 
of thofe Beams which areneareft to the Axi$i>it\iz Lens, 
(q^^ as tooccafion no fenfible difference by their Inclinati- 
on thereto ; and the jR(?c«/;r here formed is by Dioptrick 
Writers commonly called the principal iR?c^,.. being that 
of life in telej copes and Micro/copes. 

Let then (in Fig. 1 8,} BE/S be a double Convex Lens^ 
CtheCenter of the Segment EB, and K the Center of 
the Segment E/S, B^S the thickneft of the Lens, D a point 
in the y^^rif of the Z-e»i ; and it is r^uired to find the 
point F, at which the Beamsproceedingfrom the point 
D,ars coUevted therein, the ratio of Refradion being as iw 
to n. Let the diftance of the objed DB = DA=3 (the 
point A. being fuppofed the fame with B,^ but taken at a 
diflance therefrom, to prevent the coincidence of fo ma- 
ny Lines) the RadJ^s of the Segment towards the Ob- 
je^ CB or C A=r, and the Radius of the Segment from 
the Oojeci: K^ or Ka~p, and Ict.B^ thethicknels of the 
Lens be =^5 and thea let the Sine of the Atigle of inci* 
dence DAG be to the fine of the refracted Anglo HAG^or 
QApzs m to n ; And in very fmall Angles the Angles 

them-^ 
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themfelvcs "will be in the fame proportimi; whence it 
will follow that, 

As d to r, fo the Angle at G to the Angle at D, 
and J-irr will be as the Angle of incidence GAD ; and 

again as w to h, Co df^r to —- — — - wliich will be 

as the Angle GAH = CAf. This being taken from 

AGD wMeh k as d, will leave — -- ■ ■ — ^^ anal^oias 

to the Afigle AfD, attd the fides beicig kthb cafe pro- 
portional to the Angles ihey fubtend, it will follow, 
that as the Angle A^ D is to the Angle A Df, fo isthe 
fidQ A D or B D to Ap bt B>: that is B p wiH be 

:=z — ■ , — which iliews in what point the beams pro 

ceeding from D would be eollefted by nieans of the firfl 
Refraftion; butif nr cannot be fabftraft'cd fromm— »/, 
it follows that the Beams after Refraftiort do ftili pais on 
diverging, and the poirit jp is on the fame fide of the 
Lens beyond D. But i^ nr be equal to m—nd then 
they proceed parallef tothe^xy, and the poirtr ^ is in- 
finitely diftant. 

The point tp being found as before, and B ?5—B^ 
being given, which we will call 5^, it follows by a pro- 
cefs like the former, that ^F or the focal diftance fought, 

is equal to -^ri ^— / And in the room of I' fufa- 

ftituting Bp--B/S = ^ / -#, putting/ for— ^ 

after due reduftion this following Equation will arife, 
mf d r p *^nd pt^nprp t 

Wtlch Theorem, however it may fcem operofe, 

IS 
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is not ^^Ih, confidering the great number -of data 
that eiicer the CJluedion, md that one half of the terms 
anfe from our taking in the thicknefs of theX^j^^, which 
in moft cafes can produce no great effed, however it was 
neceflary to -confider it, to make our Rule perfcft. If 
therefore the Lem confift of Glafs, whofe Refraftion is 

as 3 to X ^twili be - , . — ^ — -ir^ — L_j £ = f 

If of iT^/er, whofe Refraftion is as 4 to 3 the Theorem 

will ftand thus - ^ --^^^p-3^p/+p/-fA . 

4 ar -t" 4 dp — 12 r p~« ^>i^3 r t ^ 
If it could be made diDiamant, whofe Refradion is as 5 to 

And this is the univerfal Rule for the foci of 
double Convex GlatTes cxpofed to Diverging Rays. 
But if the thicknefs of the Zf»r be rcjeded as not 
tenfible, the Rule will be much fliorter, wz, 

-/~~v^ T— ~h orinGlafs , , , — «^ — =f. 

all the terms wherein t is found beiog omitted, as equal 
to nothing. In this cafe, if d be fo fmail, as that z r /^ 
exceed dr^dp, then will it be --/, or the fictu will 
be Negative, which (hews that the Beams after both Re- 
fradions ftilT proceed Diverging. 

"To bring this to the other Cafes, as of Converging 
Beams, or of Concave Glafles, the Rule is ever com- 
pofedofthe fame terms, , only changing the figns of>{« 
and — ; for the diftance of the point of Concourfe of 
converging Beams, from the point B, or the firft furface 
of the £<?»j, I call a negative diftance or — a? j and the 
Radius of a Concave Lens I call a negative Radius or— r 
if it be the firft furface, and -p, if it be the fecond fur- 
face. Let then converging Beams fall ori'a double Gon- 

4 
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vex of Glafi, and the Theorem will (latid thus 

— » _ _„r — r=4-/ which ftiews that in this cafe 

the Focm h%lways affirmati^'e. 

If the Lem WQtQ a Mem/cm of Glafs, ex|K)fed to di* 

verging Beams, the Rule is — r-nrr^ — 5 which 

is affirmative when 2 r p is left than id r^d p^ other- 
wife negative : But in the caft of converging fieailis kU 

ling on the fame^m/caa-, 'twill be -, ^/J^ * ^f' 

and it will be >J/ whilfl d^—dr is lefs than z r p, but 
it" it be greater than xrp, it will always be found ne- 
gativcor — •/, If the £(f«j be double Concave, the ' 
em of converging Beanas is negative, where it was a 
mative in the cale of diverging Beams on a double Con- 

vex, vn. -;^.f^i-^ = f. which is affirm«i.e on. 

iywhenz rp exceeds dr^d?' But diverging Beams 
palling a double Concave have always a negative focus, 
^zdr a r 

The Theorems for Converging Beams ?re principally 
of ufe to determine the focm refulting from any fort of 
Lens placed in a Telefcop?, between the^cw ot the Ob- 
jea-glafs and the Glafs it (elf ; the diftance between the 
aid /«rw of the Objed-glaft and th6 interpofed Lens 

being made=— ^. 

r here 111 ppofe my Reader acquainted with the Rules 
of Analytical Muhiplication and Divifion, as that ^ 
muliipiied by »|< makes tlje produft >|«, >f<by — msskes 
— , and — by — makes +$<, fo dividing »f4 by «^ makes 
the Quote >54, -f- by — makes — ^ and — by — makes 
»f<, which will be neceiTary to be underftood ifl the pre- 
ceding Exampfes. 

In 
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Tft ctfe the Beams are parallel, es coming frnm att in« 
ftnite diClaoce, (which isfoppofid in the caHof Tele-. 
fcopes ) tlien will d be (uppofed infiaire^ and In the 

Theorem ^ / £^ the Term ^r a variiOies, a. 

being fioite, which is no part of the other infinite terms 
and dividing the renaaioder by the infinite pari: ^, the 

Tiieotem will fland thus ^4^ ~ f* <^^ *« G'^^« 

z r p ^ 

In cafe the tern were PkmCmvex expoftd to diverg- 
ing Beams, inftead of -^--.x.^ _ r beiog infinite, 

it will be ■'/. ■ ^ == /* or t—X. ±r: f, if the £<?;fx 

be Glafe. 

If the Lens be Doubfc-€aiivex, and r be eqwal to ^, 
as being formed of Segments of eqmi Spheres, then wUl 

j» _ M ^LtM J^ .^^ SiA 

^ — £-_f be reduced to —4 = /; and 

dr^dg — pr ^ %d~pr 

in cafe 2 be infinite, then it will yet be farther ccn- 

traded to \pr. and p being — — the foctl di- 

fiance in Glafs will be = r, in Water i Ir, but in Dia- 
mint \ n 

lam (enfible that thefe Examples are too mmh for 
tlie comf^at Analyft, though! fear too little for the 
iels Skilful, it beiog very hard, if poffible, in fuch mat« 
ters, fo to write as to give falisfaSion to both; or to 
pleafe ^e one, and inftrud the other. But this may 
fuilice to Ihew the extent of our Theorem, and h&m 
eafy a Redu&ion adapts any one cafe to all the reft* 

M m m Nor 



Nor is this only ofeful to dKcovcr th^ focus from the 
other propcied ^^f^, but from thefict4S given, we may 
rhereby.deterrriine the.difl'aoce of the Objedlj , or from 
thofocmmd diftance given, we may find of what Sphere 
it \s requifite to tdie another Segment, to make any 
given Segment of another Sphere call the beams from 
the diflance <^ to the focus f. As like wife from the Lem^ 
focHs^ and difcance given, ro find the ratio of RefraSi- 
on, or of m to n^ requifite to aofwer tho(e data. Ml 
which it is obvious, are fully determined from the Equa- 
tion we have hithe- to ufed, viz. f d^r ^=^ drf ^. d ^f 
—- pr ^f for to Bnd d the Theorem is 

" r ^' ' ~r =4 the diftance of the Objed. 

rf ^ ^f ~ p^r ^ 

d T T 

For p the Rule is — -. =f- ^ = p 

But lor p Will be - 7- •' 1 /^ — p which latter 

determines the rath of Refra&ion, w being to « as 1 >iip 
to p. 

I iliall not expatiate on theie Particulars, but leave 
them for the exercife of rhofe that are defirous to be in- 
formed in Optical Matters, which I am bold to fay are 
comprehended in thefe three Rule, as fully as the moft 
inquifitive can de/ire them, and in all poffible cafes ; re- 
gard being had to the Signs ^ and -, as in the former 
cn«'cs of finding the focus. I fhaiJ only {hew two con/ide- 
rable ufes of them ; the one to find 'the diflance where- 
at an Objeft, being placed {hail by a given I.fw be repre- 
fentedina%cw as large as the Objeft it (elf, which 
may be of fingular ufe, in drawing Faces, and other 
things in their true Magnitude, by tranfmitting the 
iS/fcwbya Glafs into a dark Room, which will not 
only give the true Figure and Shades, but even the Co- 
lours themfelves, almoft as vivid as the Life. In this 
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rafe <j/ is equal to j^ and (ubiiituting <j/ for / in th 
Equaticos \^ e lliall InvQpdr ^:=d dr^ dd^~d p ^ !\ 
aod dividing all by d. pr ^^=:^ dr -\-d^ — / r p^-^that is 

--— ^ = d ,v but if the twa Convexities be of the lame 

Sphere fo as r = ^ then will the diftance be — /> r, that 
is, if the Lens be Glafs=: xr, fo that if anObjeS I 
jpkced at the Diameter of the Sphere diftant^ in thi 
cdoiht focus will be as far within as the Objed: is with- 
out, and the Species reprefented thereby will be as big 
as the Life ; but if it were a Plano^ConveXy the fame di- 
ftance will be =^% pTy or in Glafs to four times the 
/?^</i«5 of the Convexity ; but of this method I may 
perhaps entertain the Curious in fome other Tranfa5:i- 
on, and fliew how to magnifie or diminiih an Objed in 
any proportion afligncd, (which yet will be obvious 
enough from what is here delivered ) as like wife how to 
ere^t the Objed which in this method is reprefented ii> 
verted- 

A fecond ufe is to find what Convexity or Concavity 
is required, to make a vaftly diftant ObjeQ: be repre- 
leoiedat a given focia^ afcer the one furface of^the Lens 
is formed ; which is but a Corollary of our Theorem for 
finding ^, having p^ d^ r and / given ; for d being m- 

finite, that Rule becomes . = e. that is in Glais 

T f^ 

J =p, whence if f be greater than ^r^ ^ be- 

comes Negative, and j- ^• - ; -^ is the Radius of the Con - 

J— %r 

cave fought. 

Thofe that are wholly to begin with this Dioptrical 

Science cadoof do better' than to rejd -wkh Attention n 
late Treatife of Diont-ricks, publiOied by ■ fy^ MolmeuXj 
Mq% R. S. S. who has at large iliewn tlic 'Nnnth xf 

M m ni ^ Optick 
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Optick Gkflls, md the Conftruftion and Ufa of Micro 
fcopes and Tcfefcopes; and though fome nicely Critical 
have endeayoured tofpy faults, md to traduce the Book^ 
yec having long fmce examined it wirh care, I aiSrm, 
that if I can judge, it hath but two things that wirh my 
Colour may'be caird faults j the one an over-careful ac« 
knowledgnieot of every Trifle the Author had received 
from other ; and the orhcrj that he labours to make ea- 
fle this curious Sul jefi^, fo little uoderftood by moii^ m 
a manner perhaps too familiar for the Learned Critkk^ 
and vvhtch demonflrates that it was writ cum animo d^- 
cendi^ both which require but very little Friendihip or 
good Nature in the Reader, to pafs for Vertues in an 
Author. 

But to xttmn to our firft Theorem, which account- 
ir^g for the rhickncfs of the Len$>^ w^e will here again re^ 

iume, wz. 

mpdrp'^ndfit^Hprpt^ r^ 

fndr^md ^ — mpr ^--m — ndt^n r^ *'' 

And let it be required to find th^fmus where a whole 
Sphere will colled the Beams proceeding from an Objeflt 
at tlie diilance d, Here / is equal to ^r and r=:^. 

And after due Redu(aion the Theorem will ftand thus, 

mp dr ~%md r^%ytprr 

_i ^_ TT^ = h out it a be inn- 

%nd^xnr'^mpr ' 

ni.e, ir is co„:„M to "^ - , = ^^^5,=/. 

whereforea Spfeei^ of Glafe-coHoSs the Suns B^ms at half 
die Semi-diameter of the Sphere without ir, and a Sphere 
of Water at a wholeSemi-diameter.But lithtrath of Re- 
fraftion iw to » be as x to i, i\m focus Mis on the op- 
pofite furface of the Sphere, but if it be of greater ine- 
quality it falls within, 

Ano* 



Another Example (hall be when a Hemifphere is ex- 
pofed to parallel Rays, that is d and f being infinite* 
and /=;r, and after due Redudbn the Theorem re- 

folts r =2^.H>Tbat is, in GUfs ii is at 

f r, in Water at \ r, but if the Hemifphere were Dla- 
mant, it would collect the Beams at n oixht B.ad'mh^» 
yond the Center. 

Laftly, As to the t^^Qi of turning the two fide§ o\ a 
Z,e»5 towards ail Objed ; it is evident, that ifthefhick- 
nefsoftlie JL<?wj be very faiall, (basrhatyou negledt it, 
or account ^==:o, then inallcaftsthe/i^cai of the fame 
Xew, to whatfaever Beattis, will be the fame, without 
anydiffierence upon the turning the JLm .• But if you 
are fo Curious as to confider the thicknefs, (which is fejl- 
dom worth accounting for) in the cafe of parallel Rays 
failing on a Piano-Convex of Glafs, if the plain fide fee 
towards the Objeft, t does occafion no diference, but 
the focal difbance /= z r. But when tl\e JGpnyex fide 
i$ towards the Object, it iscontra<aed to z r~ ? >, fo that 
thtfocHs is nearer by It. If the Lens be double Con- 
vex the difierence is lefe ; if a Menijcus greater. If the 
Convexity on both fides be equal, the focal length is a-- 
bout \ t ihorcer tlian when t = o. In a Memfius the 
Concave fide towards the Ol^ed encreafes the focal 
length, but the Convex towards the Objed diminiflies 
it. A General Rule for the difference arifing on turn- 
ing tlie Lens, where the focus is Aiirmative, is this 

%r "^'^f' i. J fof double Con vexes of differing 
Spheres. But for i¥e»^i the fame diSerence becomes 

2, r t ^ z^ t ^ of^hich I need give no other demon- 

3 ^ — 3 ? 4* *■ 

ftration, but that by a due Reduftion it will fo follow 

from wjjat is preiniied, as will the Theorems for altforts 

of Problems relating to the /c« of Optick Glaffes, 

V,. An. 



